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Abstract 
Biogas technology offers a sustainable process for renewable energy production and waste treatment when it comes 
to managing biodegradable material flows. The sustainable use of nutrients and production of competitive and safe 
products for various end uses will become increasingly importantin the future asdepletion of minerals results in 
shortages of fertilizers.It is important that additional information on the quality and safety of biogas plant end 
products is obtained in order to promote the market and utilize these products effectively. We have utilized plant 
bioteststo gain more information on the quality of end products from three different biogas plants. 
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1. Introduction 
In the future, mankind will be challenged by climate change and an increasing shortage of energy, 
minerals and arable land. Generation of waste is still increasing in proportionto income, along with the 
economic and environmental costs associated with expanding landfills. Biogas technology offers a 
method to produce energy and manage waste in a sustainable way. In addition, biogas process end 
products can be utilized as fertilizers or soil improvers, thereby promoting the recycling and conservation 
of organic matter and minerals such as phosphorus. 
Exploitation of biogas end products requires standardized methods and criteria to assess product 
quality and safety. Several criteria must be taken into account when considering possible adverse effects 
of the products on plants (i.e. phytotoxicity) or the environment. These include maturity and stability of 
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organic material, reduction of plant and animal pathogens and absence of harmful substances such as 
heavy metals and persistent organic pollutants.  
Quality monitoring and official supervision requires rapid and sensitive test methods for routine 
analysis of the quality and safety of biogas end products. Biotests have proven useful when evaluating the 
phytotoxicity of soil and soil improvers as they provide comprehensive information including possible 
interactions between various chemicals and the complex matrix [1]. Use of robust, reproducible controls 
is essential but also poses a challenge when dealing with biological materials. 
In the present study, we utilized plant biotests to evaluate the effect of various end products from three 
different biogas plants on plant growth. In particular, we evaluated the shoot and root morphology of 
barley and Chinese cabbage and the root growth of barley and cress in biogas end products in comparison 
to control plants grown in soil amended with conventional fertilizers, i.e. manure or inorganic fertilizer. 
2. Experimental Study 
2.1. Samples and sample preparation 
Three types of samples (anaerobic digestate,separated solid and liquid fractions of the digestate)were 
collectedfrom three biogas plants (BGP) in Finlandon three separate occasions during year 2010. All 
BGPs used mesophilic anaerobic digestion to processvarious organic waste materials from agriculture, 
industry and municipalities, but their pasteurization was arranged in different ways (Table 1). Prior to 
testing, the samples from BGPs were diluted with artificialsoil [2],sphagnum peat or a peat-based 
commercial growing medium (CGM)in a ratio corresponding to their actual useas fertilizers or additives. 
Table 1. Samples analyzed in this study 
Sample origin Raw material Pasteurization process Sample type 
BGP  1 Manure (90%)Industrial by-
products (10%) 
1 h, 70 °C pre-digestion Digestate 1, Solid 1, Liquid 1 
BGP 2 Sewage sludge 30 min, 150-160 °C and 5 
bar pre-digestion 
Digestate 2, Solid 2, Liquid 2 
BGP 3 
 
Source-separated biowaste 
(20%)Sewage sludge (70%)Grease 
trap sludge (10%) 
1 h, 80°C post-digestion Digestate 3, Solid 3, Liquid 3 
Controls and 
references 
  Artificial standard soil, Sphagnum 
peat, Commercial growing medium; 
Pig manure, Inorganic fertilizer (NPK)
2.2. Experimental procedure 
Germination and plantgrowth tests were performedaccording to European standards[3, 
4].Phytotoxicity of the samples was determined by germinating ten seeds of cress (Lepidiumsativum L.) 
in direct contact with the diluted sample on three replicate petri dishes [4]. The Munoo-Liisa vitality 
index  
 
(MLV %) was calculated according to the formula (1): 
 
MLV (%) = [(GRs1×RLs1 + GRs2×RLs2 + GRs3×RLs3) ÷ (3×GRc×RLc)]×100 (1) 
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where GR is the germination rate, RL is the average root length, c is the control, and s1, s2 and s3 
are the first, second and third sample replicate, respectively. 
In potgrowth tests[3] ten seeds of Chinese cabbage (Brassica pekinensis) orbarley (Hordeumvulgare) 
were sown oneach five replicate pots containing the diluted samples from BGPs.The plant growth in the 
sample was compared to that in the control andthe inhibition of growth was calculated according to the 
formula (2): 
 
Growth inhibition (GrI, %) =[(APWcontrol - APWsample) ÷ APWcontrol] × 100 (2) 
where APWcontrolis the mean plant weight in the control and APWsample is the mean plant weight in 
the sample. 
The average color of the shoots was measured by a Spad-502 chlorophyll meter (Minolta).The 
morphology and length of barley roots were inspected visually. 
3. Results and Discussion 
In general, amendment of soil or peat with the products of BGPs increased the biomass of barley 
shoots comparable to manure (Fig. 1a). In the commercial growing medium, the solid BGP products had 
only minor effect on barley growth. The BGP end products had a negative effect on the growth of 
Chinese cabbage. The only exception to this was the solid fraction of BGP3, which stimulated the growth 
of Chinese cabbage both in soil and in peat. Also manure inhibited the growth of Chinese cabbage in soil. 
All BGP end products also supported the germination and root growth of cress (Fig. 1b). The MLV 
indexes of all BGP samples were similar to or even better than those obtained in manure or inorganic 
mineral fertilizer.  
 
 
 
Fig. 1.(a) Growth inhibition of Chinese cabbage and barley seedlings in BGP end products diluted with soil, peat or CGM. (b) 
Munoo-Liisa vitality index (MLV %) of cress seeds. MLV compares germination and mean root length in the test and control 
samples after 72 hours. The results in both figures are expressed relative to the control.  
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The average chlorophyll content of the Chinese cabbage leaves decreased in the presence of BGP end 
products; exceptions were the liquid and solid fractions of BGP2 and BGP3 in soil and of BGP3 in peat 
(Fig. 2). The effects of BGP end products on barley color were minor. It must be noted that variation in 
all physiological tests was high due to heterogeneity in the BGPs’feedstock between the sampling times.  
 
 
Fig. 2 (a) Chlorophyll content of Chinese cabbage and barley leaves grown in BGP end products diluted with soil, peat or CGM. 
The color index indicates the average chlorophyll concentration of plant leaves relative to the control. (b) Color differences in the 
leaves of barley and Chinese cabbage grown in various test substrates. 
The results of the biotests varied depending on the plant species, growth substrate (soil or peat) and the 
test used, as described also by several other studies [5, 6]. In general, germination and root growth of 
cress were better in peat than in standard soil, whereas the opposite held true for barley roots. Visual 
inspection of barley rootsshowed that most BGP products diluted with soil yieldedcomparable or slightly 
shorter root lengths than soil alone, and only two products, the liquid residue of BGP1 and the solid 
residue of BGP3, inhibited root growth noticeably (Fig. 3). Cultivation of barley in CGM resulted in 
shorter and thinner roots as compared to standard soil. Amendment of CGMwith solid BGP residueshad 
little effect on the length and density of the barley root system (data not shown). 
 
 
Fig. 3.Barley roots grown in (a) standard soil, (b) CGM, (c) soil-diluted liquid residue from BGP1 and (d) soil-diluted solid residue 
from BGP3. 
Comparison of control substrates showed that, in general, peat gave better results than standard soil in 
the cress root growth test (Fig 1b). Also barley growth was more pronounced in BGP end products diluted 
345 Liisa Maunuksela et al. /  APCBEE Procedia  1 ( 2012 )  341 – 345 
with peat in the pot growth test (Fig 1a). Aspects such as easy preparation and reproducibility should be 
taken into account when choosing appropriate control substrates in biological tests. It has previously been 
concluded that no single test alone is satisfactory when assessing compost stability or maturity [5]. The 
results of the biotests can also be influenced by intrinsic sensitivity of plants species, by growth 
conditions and phases, and by the physicochemical characteristics of thegrowth substrates [5, 6]. 
The results of this worksupport the view that both solid and liquid end products of BGPs can be 
utilized as fertilizers or soil improvers for cereal crops such as barley. All BGP products studied 
supported the growth of barley and,in some cases, promoted the growth similarly or even better than pig 
manure, which is conventionally used as fertilizer. Compared to inorganic fertilizers, organic material has 
been shown to have positive effects on soil composition through stimulation of microbial activity and root 
growth [7, 8]. Future studies include comparison of theselaboratory pot growth results to those from field 
trials using the same BGP end products. Additionally, contents of organic pollutants, pharmaceuticals and 
hormones and possible accumulation of these chemicals into the soil and food chain will be studied. 
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